Abstract Digital whole slide imaging (WSI) is an emerging technology for pathology interpretation; however, little is known about pathologists' practice patterns or perceptions regarding WSI. A national sample (N=252) of pathologists from New Hampshire, Vermont, Washington, Oregon, Arizona, Alaska, Maine, and Minnesota were surveyed in this crosssectional study (2011)(2012)(2013). The survey included questions on pathologists' experience, WSI practice patterns, and perceptions using a six-point Likert scale. Agreement was summarized with descriptive statistics to characterize pathologists' use and perceptions of WSI. The majority of participating pathologists were males (63 %) between 40 and 59 years of age (70 %) and not affiliated with an academic medical center (72 %). Experience with WSI was reported by 49 %. Types of use reported included CME/board exams/teaching (28 %), tumor board/clinical conference (22 %), archival purposes (6 %), consultative diagnosis (4 %), research (4 %), and other uses (12 %). Most respondents (79 %) agreed that accurate diagnoses can be made with this technology, and that WSI is useful for obtaining a second opinion (88 %). However, 78 % of pathologists agreed that digital slides are too slow for routine clinical interpretation. Fifty-nine percent agreed that the benefits of WSI outweigh concerns. The respondents were equally split as to whether they would like to adopt WSI (51 %) or not (49 %). About half of pathologists reported experience with the WSI technology, largely for CME,
Introduction
Digital whole slide imaging (WSI), sometimes referred to as "virtual microscopy," is a technology that allows glass slides of pathology specimens to be scanned (digitized) and viewed on a computer screen [1] . Digital WSI is intended to simulate, or even enhance, the viewing experienced with standard microscopy techniques, and is introducing major changes into the clinical practice and teaching of pathology [2] [3] [4] [5] [6] [7] [8] [9] [10] . While health information technology is diffusing rapidly into clinical practice, the broad use of WSI has slowed after a 2011 ruling by the US Food and Drug Administration (FDA) regulating use the of WSI for primary diagnosis as a class III medical device [11] , which are devices with insufficient information to assure safety and effectiveness through sets of controls [12] . Nevertheless, WSI technologies and applications are expanding, as is their adoption [13] . The European Union and Canada have approved WSI for primary diagnosis, leaving the US as the only industrialized Western country where this technology is not currently approved [13] . The rate at which use of WSI continues to expand in the near term depends largely on the course of FDA regulation, but also on clinicians' perceptions. Our understanding of the adoption of WSI in the US is limited by the lack of knowledge of the extent, and type of WSI use by pathologists, and their perceptions regarding this technology [3] .
Digital WSI has roots in telepathology and so is not entirely new to the field of pathology. However, digital WSI is also thought to fill-or potentially fill-other distinct roles, such as reducing logistical demands of physical specimens (transport, storage) [4] [5] [6] [7] [8] [9] [10] , integrating into electronic health records [11] , improve routine diagnostics [14, 15] , validation studies [15, 16] , and teaching/training [17] .
Despite the purported benefits of WSI, several factors currently limit widespread adoption, such as concerns about image quality, workflow, and expense [18, 19] . Although the methods for evaluating image quality of WSI are being developed [19] , comparative studies of image and interpretive quality of WSI and glass slides are lacking. Image analysis algorithms are being developed to help improve interpretive accuracy while reducing the length of viewing time for WSI, which may be greater than for glass slides [3] . Finally, high throughput scanners and the staff time required to scan each slide can be expensive, a disincentive for widespread use.
Considering the advantages and disadvantages of WSI, the shift towards health technology is inevitable, and diffusion and improvement of WSI will continue. In fact, the trend among medical schools is to use digital images and digital slide libraries instead of light microscopes for pathology courses, thus potentially creating a new generation of digitally-trained pathologists [20] . Despite the 2011 FDA ruling, WSI continues to be used for a variety of purposes, but there is very little known about the patterns of use among pathologists or their perceptions of WSI for pathology interpretation.
The purpose of this study was to characterize the use of WSI among a national sample of pathologists who interpret breast specimens. Specifically, we describe (1) pathologists' use of digital WSI in relation to demographic and professional characteristics, and (2) pathologists' perceptions about digital WSI. This study provides new information about the current use of WSI and perceived barriers to uptake among pathologists.
Materials and Methods

Study Population
We surveyed a geographically dispersed sample of US pathologists from eight states as follows: New Hampshire, Vermont, Washington, Oregon, Arizona, Alaska, Maine, and Minnesota in this cross-sectional study. Eligibility criteria included the completion of residency and/or fellowship training more than a year prior, interpreting breast tissue for at least 1 year prior, and planning to continue interpreting breast tissue for the next 2 years. Participants were invited to participate in the survey beginning in November 2011, and all surveys were completed by February 2013. All participants completed an online survey designed and produced as a stand-alone study-based website, for a larger study about pathologists' interpretations of breast pathology (B-PATH) [21] . Pathologists were identified through their participation in the Breast Cancer Surveillance Consortium (BCSC) or affiliation with Providence Health & Services Oregon, and by lists from professional organizations, internet searches, and telephone calls to pathology facilities. An invitation to the study was sent by email and additional follow-up made by telephone calls. Interested, eligible pathologists were asked to complete a web-based survey that included questions on demographics, training, clinical experience, and perceptions about the diagnosis of breast pathology specimens.
Key Measures
Pathologists reported personal and professional characteristics, such as gender, year of birth, professional affiliation with an academic medical center, fellowship training in surgical or breast pathology, number of years interpreting breast pathology, percentage of caseload that are breast specimens, number of breast cases interpreted in an average week, and whether their colleagues' consider them an expert in breast pathology. Pathologists also reported WSI practice patterns, including ways in which they use WSI for clinical and educational purposes, use of WSI for providing a primary or secondary diagnosis of breast specimens, length of time using WSI, and use of WSI for IHC tests. They then responded to statements about their perceptions of WSI using a six-point Likert scale (strongly agree, agree, slightly agree, slightly disagree, disagree, and strongly disagree). Statements include the following: (1) accurate diagnoses can be rendered using digital slides; (2) digital slides are useful for obtaining a second opinion; (3) digital slides increase pathologist exposure to medical malpractice suits; (4) it is too difficult to learn how to use digital slides; (5) overall, I think the benefits of digital whole slide imaging outweigh the concerns; (6) digital slides are too slow for routine use when interpreting a case; (7) I would like to adopt digital whole slide imaging or increase use of it in my personal practice.
Analyses
Descriptive statistics were used to characterize participating pathologists and their uses of WSI. Assessments of practice patterns in relation to pathologist characteristics were performed using chi-square. Pathologists' perceptions of WSI were summarized with frequencies of response categories. For some outcomes, responses were collapsed into binary categories of "agree" and "disagree." We compared the characteristics of pathologists who agreed that "Overall, I think the benefits of digital whole slide imaging outweigh the concerns," and "I would like to adopt digital whole slide imaging or increase use of it in my personal practice," with those who disagreed with this statement. All analyses were performed using Stata v12.0 statistical software. Institutional review boards at the University of Washington, Dartmouth College, the University of Vermont, Fred Hutchinson Cancer Research Center, and Providence Health & Services Oregon approved of all study activities.
Results
Pathologists (N=691) were invited to participate in an intensive CME program; 146 were not eligible, and among the remaining 545, 137 (25 %) were not interested, 156 (29 %) did not respond to the invitations, and 252 (46 %) were eligible and completed the survey. The majority of respondents were male (63 %; Table 1 ). The age distribution was <40 (12 %), 40-49 (33 %), 50-59 (37 %), and ≥60(18 %)years. Most pathologists were not affiliated with an academic medical center (72 %). Of those with no academic medical center affiliation, 60 % did not use WSI, compared to 74 % of those with an adjunct affiliation, and 78 % with a primary academic medical center appointment. Overall experience using WSI was split, with 49 % of pathologists indicating they previously used WSI, while 51 % did not. For those who used WSI, types of use included continuing medical education (CME), board exams, and teaching (28 %); tumor board or clinical conference (22 %); archival purposes (6 %); consultative diagnosis (4 %); research (4 %); and other uses (12 %), such as intradepartmental review (Fig. 1) .
Most participants agreed that accurate diagnoses can be made with WHS (79 % agree), and that WSI is useful for obtaining a second opinion (88 % agree; Fig. 2 ). However, 78 % of pathologists believed that digital slides are too slow for routine initial clinical interpretation. Most pathologists were not concerned that the use of WSI would increase their exposure to medical malpractice suits or that it would be difficult to learn. When asked if the benefits of WSI outweigh the concerns, 59 % agreed. Just over half of the pathologists (51 %) agreed that they would like to adopt WSI into their practices.
Characteristics of pathologists who agreed that the benefits of WSI outweigh the concerns or that they would like to adopt WSI or increase its use were not different according to age, gender, training, and clinical experience in breast pathology (Table 2 ). However, a significantly higher proportion of pathologists who agreed with both of these statements had an adjunct affiliation with an academic medical center.
Correlation was fairly high (Spearman's rho 0.66) among agreement responses for those who would like to adopt or increase use, and those who overall think the benefits of WSI outweigh the concerns.
Discussion
This is the first study describing pathologists' practice patterns and perceptions regarding the use of WSI for breast specimens. About half of all surveyed pathologists used WSI for various purposes, including tumor boards, clinical conferences, continuing medical education, board exams, teaching, archiving, research, and consultative diagnosis. WSI was perceived as accurate diagnostically and useful for obtaining second opinions. Although the majority of pathologists agreed that overall the benefits of WSI outweigh the concerns, only about half of surveyed pathologists were interested in adopting it in their own practice, which may be due, in part, to the perception of WSI being too slow for routine interpretation.
In this study, the majority of pathologists thought that WSI was accurate, a view that is counter to concerns raised in the literature about the use of WSI in routine pathology practice. Specifically, some factors that may influence accuracy are of concern, such as of image quality, user training/experience, and comparative accuracy to glass slides [17] [18] [19] . A key criticism of image quality with WSI is that of focus, given that tissue thickness may be variable within a specimen. Furthermore, tradeoffs exist between file size and resolution/ image detail. Compounding these issues is the lack of image standards in pathology and image quality evaluation methods, unlike in radiology, where they are well developed [8, 20] . Agreement studies comparing glass slides with digital slides for pathology interpretation have begun to provide evidence that supports the use of WSI [22, 23, 24] , including a recent study demonstrating 96.5 % concordance between WSI and light microscopy [24] . Even within breast pathology specifically, concordance studies provide evidence that reliable histopathologic diagnoses can be made with WSI [25] . However, until the evidence translates into FDA approval for primary diagnosis, the clinical applications will be limited in the US.
This study showed a concern over the slowness of using WSI, which could be due to a number of factors related to imaging speed, such as software/viewers, technical capacity, and number of images per case. Prior work suggests that improvements in image-viewing browsers may help the adoption of WSI. Browsers typically have tools for navigation, annotation, and noting regions of interest, but viewing of the complete slide can be slow, and their limited integration into laboratory information systems often requires manual entry of data associated with the slides [8] . Understanding these issues related to slowness such as hardware, software, usability, clinical workflow, accuracy, and pathologists' perceptions will allow for adoption of WSI in a more guided, effective manner.
Although little evidence exists for pathologist perceptions of WSI in the US [26] , a recent study of Canadian pathologists' perceptions of WSI provided an interesting glimpse into practice that includes primary diagnosis [27] . Similar to our findings, the most common use for WSI was for teaching purposes, with consultation being the second most common use in the Canadian study [28] . The proportion of pathologists using digital images in their practice or for training was higher than in our US study (85 vs. 49 %), which may reflect the more comprehensive adoption of WSI by regulatory bodies in Canada, or may reflect bias among responders. In the US, advances in WSI technology, systems, and overall trends in health information technology will continue to drive adoption of WSI, particularly as user experience and perceptions evolve.
Conclusion
In our study of a national sample of pathologists who diagnose breast lesions, our reported pathologist use and perceptions of WSI provide an important snapshot into the current state of pathologists' perception about digital pathology adoption in the US. We identified possible barriers to uptake among pathologists, such as WSI being slow to use. Overall, as evidenced by current use patterns, it seems that for some applications, particularly teaching, CME, board exams, and clinical conferences, the advantages of WSI outweigh the disadvantages. For applications such as consultative diagnosis, technological improvements will likely be required to shift the balance to being advantageous.
